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Abstract

Background—Recent recommendations favoring non-fasting lipid assessment may impact low-
density lipoprotein-cholesterol (LDL-C) estimation. The novel method of LDL-C estimation 
(LDL-CN) uses a flexible approach to derive patient-specific triglyceride (TG) to very low-
density lipoprotein-cholesterol ratios. This adaptability may confer an accuracy advantage in 
non-fasting patients over the fixed approach of the classical Friedewald method (LDL-CF). 
Methods—We used a US cross-sectional sample of 1,545,634 patients (959,153 fasting -12 
hours; 586,481 non-fasting) from the second harvest of the Very Large Database of Lipids study 
to assess for the first time the impact of fasting status on novel LDL-C accuracy. Rapid 
ultracentrifugation was used to directly measure LDL cholesterol content (LDL-CD). Accuracy 
was defined as the percentage of LDL-CD falling within an estimated LDL-C (LDL-CN or LDL-
CF) category by clinical cutpoints. For low estimated LDL-C (<70 mg/dL), we evaluated 
accuracy by TG levels. The magnitude of absolute and percent differences between LDL-CD and 
estimated LDL-C (LDL-CN or LDL-CF) was stratified by LDL-C and TG categories.  
Results—In both fasting and non-fasting samples, accuracy was higher with the novel method 
across all clinical LDL-C categories (range: 87-94%) compared to Friedewald estimation (range: 
71-93%) (p 0.001). With LDL-C <70 mg/dL, non-fasting LDL-CN accuracy (92%) was superior
to LDL-CF (71%) (p<0.001). In this LDL-C range, 19% of fasting and 30% of non-fasting
patients had differences 10 mg/dL between LDL-CF and LDL-CD, whereas only 2% and 3% of
patients respectively had similar differences with novel estimation. Accuracy of LDL-C <70
mg/dL further decreased as TG increased, particularly for Friedewald estimation (range: 37-
96%) versus the novel method (range: 82-94%). With TG 200-399 mg/dL in non-fasting
patients, LDL-CN <70 mg/dL accuracy (82%) was superior to LDL-CF (37%) (p<0.001). In this
TG range, 73% of fasting and 81% of non-fasting patients had 
LDL-CF and LDL-CD, compared to 25% and 20% of patients respectively with LDL-CN.
Conclusions—Novel adaptable LDL-C estimation performs better in non-fasting samples than
the fixed Friedewald estimation, with a particular accuracy advantage in settings of low LDL-C
and high TG. In addition to stimulating further study, these results may have immediate
relevance to guideline committees, laboratory leadership, clinicians and patients.
Clinical Trial Registration—URL: clinicaltrials.gov Unique Identifier: NCT01698489
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Clinical Perspective

What is new? 

In this US cross-sectional analysis, we demonstrate for the first time that the novel,

adaptable method of LDL-C estimation is more accurate in non-fasting samples

compared to the Friedewald equation.

Both absolute and percent error between novel-estimated LDL-C and directly-measured

LDL-C are smaller and less affected by fasting status compared to Friedewald LDL-C,

especially in the estimated LDL-C<70 mg/dL category.

What are the clinical implications?

In making evidence-based decisions about lipid-lowering therapy, clinicians and patients

can place greater confidence in LDL-C results from non-fasting samples that are

calculated using the novel method of LDL-C estimation compared to the classical

Friedewald equation.

This accuracy is especially important for high-risk patients with secondary LDL-C goals

of <70 mg/dL, a common clinical cutpoint used in international guidelines to initiate and

titrate lipid-lowering therapies.

can place greater confidence in LDL-C results from non-fasting samples ththatatat aaareree

calculated using the novel method of LDL-C estimation compared to the classical

Friedewald equation.
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Recent expert recommendations have supported non-fasting lipid assessment.1–6 Practical 

advantages to using non-fasting measurements include increasing patient convenience as they 

avoid separate return visits for lab draws, and improving hospital and clinic efficiency as the 

need to organize resources around mass patient influx in the morning for blood work is 

prevented.1 Moreover, non-fasting triglyceride (TG) and non-high-density lipoprotein-

cholesterol (HDL-C) levels may improve cardiovascular risk prediction.7–11 On the other hand, 

classification of dyslipidemias was historically derived in fasting samples, and cohort studies and 

clinical trials have traditionally performed fasting assessments.12-13  

Ultimately, the choice for fasting or non-fasting lipid assessment may depend on how the 

lipid profile will be used clinically.14 If the objective is to make data-driven and guideline-

supported decisions with respect to whether a patient qualifies for low-density lipoprotein-

cholesterol (LDL-C) lowering therapy or whether an on-treatment LDL-C level is optimal, then 

clinicians may seek to consider the accuracy of fasting vs non-fasting LDL-C measurements.15

This may be of increasing relevance to clinicians as practice adapts to greater emphasis on 

precision in delivery of medical care.

Multiple methods exist for LDL-C assessment, but the Friedewald equation (total 

cholesterol [TC] – HDL-C – TG/5 in mg/dL) has been the de facto clinical standard since the 

1970s.16 The equation was derived in the fasting state and uses a fixed ratio of 5:1 between TGs 

and very low-density lipoprotein-cholesterol (VLDL-C). With fluctuating TG levels and related 

variation in the TG:VLDL-C ratio in the post-prandial state, Friedewald and colleagues 

recognized in their original publication that at lower LDL-C levels, even small errors in VLDL-C

estimation may result in significant errors in LDL-C estimation.16 Indeed, we and others have 

ipid profile will be used clinically.14 If the objective is to make data-driven and guguidididelele ininine-e

upported decisions with respect to whether a patient qualifies for low-density lipoprotein-

cholesterol (LDL-C) lowering therapy or whether an on-treatment LDL-C level is optimal, then 

clinnniciccians mayy ssseeeek kk tooo cconononsis dededer r r thththee e aca cucuracy ooof f faastting g g vsvsvs nononon-nn fafasststinini g g LDLDL-C C C mememeasaa uremememenenentststs.15
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shown substantial LDL-C underestimation at low LDL-C and high TG levels when applying the 

Friedewald equation in modern patients.17–20

The clinical scenario of low LDL-C and high TG is increasingly common in clinical 

practice as a result of new efficacious LDL-lowering therapies and epidemics of obesity and 

diabetes increasing the prevalence of hypertriglyceridemia. Furthermore, VLDL-C metabolism 

may be altered in the non-fasting state with variable activity of enzymes such as lipoprotein 

lipase, thereby affecting the TG content of VLDL-C.21-22 To address the issue of LDL-C

accuracy, direct chemical-based LDL-C assays have been developed, but may be affected by 

fasting status with added expense and have generally not improved on Friedewald estimation.23-

25 In this context, we previously derived a novel method for LDL-C estimation that uses an 

adjustable TG:VLDL-C ratio based on TG and non-HDL-C levels.20 This method improved 

LDL-C estimation at low LDL-C levels and is now being adopted by laboratories including 

Quest Diagnostics.26-27 We and others have speculated that the adaptability of the method may 

offer an accuracy advantage in non-fasting patients over the fixed Friedewald estimation, 

however this has not been formally evaluated to date. 

This is especially important for high-risk patients with secondary prevention LDL-C

goals <70 mg/dL, a common lipid cutpoint used in clinical guidelines to both initiate and 

intensify lipid-lowering therapy.1,2,15,28-30 We therefore evaluated for the first time the impact of 

fasting status on LDL-C accuracy estimated using the novel method compared to LDL-C

estimated from the Friedewald equation in a large cross-sectional clinical cohort of over 1.5 

million US patients. We further evaluated the absolute and percent differences in using the 

Friedewald and novel equations to estimate LDL-C based on fasting status.

5 In this context, we previously derived a novel method for LDL-C estimation thahatt usususesess aann n

adjustable TG:VLDL-C ratio based on TG and non-HDL-C levels.20 This method improved 

LDL-C estimation at low LDL-C levels and is now being adopted by laboratories including 

Quesesestt t Diagnoststs iiicsss.262 -27272 WWWee e annnd d d ototothehehers hhava e spececullaatedd ttthahahat tt thththe adaddapapa tat bibilil tyy ooof f f ththhee e mem thththododod mmmayayay 

offeeer rr an accuracacacy adadvaanntagee e inii  non-fasastiing patttieenttss ovvvererer thththe fiixedd Friededewawawald estimmmaatioion, 

however this has not bbeen formally evaluated to dad te. 
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Methods

The data, analytic methods, and study materials will be made available to other researchers for 

purposes of reproducing the results. Study materials are securely housed at Johns Hopkins 

University and may be made available through remote access after completion of a data use 

agreement. Interested investigators may visit the VLDL database clinicaltrials.gov site and may 

contact the VLDL study Publications and Presentations Committee.31

Study population

This is the first study to use the second harvest of the Very Large Database of Lipids (VLDL) 

study and to evaluate the impact of fasting status on novel LDL-C accuracy. The VLDL study 

has been described in detail previously.32 The novel method was derived from the first harvest of 

VLDL patients; this analysis therefore represents patients who were not included in the 

derivation cohort for the novel equation. When a patient had more than one lipid profile 

available, we used the first measurement for each participant. We excluded patients with missing 

age, sex, and fasting status (fasting or non-fasting), or with incomplete lipid values. Because the 

original Friedewald equation was designed for patients with TG levels <400 mg/dL, we further 

16 There was no age restriction. Supplemental Figure 

1 illustrates the patient selection process. 

A total of 1,545,634 participants met criteria for analysis, including 959,153 fasting 

patients and 586,481 non-fasting patients. Our study was declared exempt by the Johns Hopkins 

Institutional Review Board, which waived the requirement of informed consent as we used only 

de-identified data routinely collected during clinical lipid determinations. All authors attest to 

full data access and take responsibility for data integrity and analysis. The VLDL study is 

registered at clinicaltrials.gov (NCT01698489).  

has been described in detail previously.32 The novel method was derived from thee fffiririrststt hhharararveveeststst of

VLDL patients; this analysis therefore represents patients who were not included in the 

derivation cohort for the novel equation. When a patient had more than one lipid profile

avaiaia lalalable, we usususeddd tttheee ffiririrststs mmmeaeaeasususurereremementn  for eacaca h pparticicicipipipananant.t.t. WWeee exexe clududedd pppatata ieieientntn s wiwiw ththh mmmisisississ ng

age,e,, sssex, and fafassstinngg sstaatus (((ffaf sting or nnoon-fasttit ngng),), or r r wiwiwiththth iiincncommppletee llippipidd d valuesss. BeBecause thhe

originall Friedewalld d equation was ddesigned fof r patients with TGG levels <400 mg//dL, we furthher 

 by guest on O
ctober 16, 2017

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


10.1161/CIRCULATIONAHA.117.030677

7 

Lipid measurements

Patients were deemed as fasting if the clinician-ordered lipid sample called for 10-12 hours of no 

oral intake other than water or medications prior to sample collection. Vertical Auto Profiles 

(VAP) methodology (VAP Diagnostics Lab, Inc., Birmingham, AL), a form of rapid 

ultracentrifugation, was used to directly measure the cholesterol concentration in LDL (LDL-

CD). In brief, the VAP uses single vertical spin, density gradient ultracentrifugation to directly

measure total cholesterol, HDL-C, LDL-C, VLDL-C, and other lipoprotein cholesterol 

parameters in under one hour. The VAP methodology has been described in full previously.32

Triglyceride levels were directly measured using the Abbott ARCHITECT C-8000 system 

(Abbott Laboratories, Abbott Park, IL). Accuracy of VAP was reviewed yearly using random 

split- -quantification at the Washington University in St. Louis Core 

Laboratory for Clinical Studies. Directly measured TG concentrations were compared to samples 

from the University of Alabama School of Medicine for quality assessment. 

Friedewald estimated LDL-C (LDL-CF) was calculated as TC - HDL-C - TG/5 in mg/dL. 

The novel estimation of LDL-C (LDL-CN) was calculated as TC - HDL-C - TG/adjustable factor. 

The adjustable factors were derived from our previously reported method, whereby TG and non-

HDL-C were used to assign one of 180 different patient-specific factors to estimate VLDL-C

(Supplemental Table 1).20

Statistical analysis 

All analyses were conducted separately in the fasting and non-fasting groups. Median LDL-CD

values were compared between the two groups stratified by clinical guideline cutpoints for LDL-

C: <70, 70-99, 100-129, 130-159, 160- 15,28-30 Distributions in the 

TG:VLDL-C ratio based on fasting status were examined. To assess population-level correlation 

Abbott Laboratories, Abbott Park, IL). Accuracy of VAP was reviewed yearly ususininngg g raraandndndomomm 

plit- -quantification at the Washington University in St. Louis Core 

Laboratoryyy for Clinical Studies. Directly measured TG concentrations were compared to samples

frommm the Univeeerrsr ittty yy offf AAAlalalababamamama SSSchchchoooll of Medede icinine fofoforr r quququalalalitii y y aasasseses sss mem ntt...

Friedewawawaldd esttimmatededed LDL-C (LLDDL-CFFF)) wawas cacacalclclculuulatatedd ass TTC -- HDHDDLL-C - TGTGT /55 in mg/d/dL.

The novel estimatiion of LDL-C (LDL-CCN) was calculated as TCT  - HDL-C - TGT /adjustable factor
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between estimated and directly measured LDL-C based on fasting status, we determined via 

linear regression (R2) the extent of variation in estimated LDL-C explained by LDL-CD.

Patient-level accuracy between estimated LDL-C (LDL-CF or LDL-CN) and LDL-CD was 

compared across the clinical LDL-C cutpoints and classified by fasting status. Accuracy was 

expressed as the proportion of directly-measured LDL-C falling in the appropriate category of 

estimated LDL-C (LDL-CF or LDL-CN), as this reflects how clinicians make decisions. For 

LDL-C <70 mg/dL, we decided a priori to examine accuracy based on the following TG levels 

used in our prior studies: <100, 100-149, 150-199, and 200-399 mg/dL.20 Accuracy between the 

LDL-C estimation methods was compared using a two-sample test of proportions. We further 

evaluated the absolute magnitude of error with each method by assessing the percentage of 

patients whose estimated LDL-C was <5, 5-9, 10-19, 20-29, and -9, 10-19, 20-29, 

-CD via ultracentrifugation. Poisson regressions were used to assess the 

interaction between fasting status and LDL-C method, stratified by magnitude of error. All p-

values reported are two-sided.

Statistical analysis was performed with Stata (StataCorp), version 11.0. 

Results

Population characteristics

Fasting (n=959,153; 62%) and non-fasting (n=586,481; 38%) participants were similar with 

respect to selected demographics (Table 1). Both groups had a median age around 55 years and 

were predominantly women. Directly measured median lipid values were almost identical 

between the two groups, with the exception of a 15 mg/dL higher median TG level in non-fasting 

patients. There were no differences in the median LDL-CD values between fasting and non-

evaluated the absolute magnitude of error with each method by assessing the perccenenntatatagegee ooof ff

patients whose estimated LDL-C was <5, 5-9, 10-19, 20-29, and -9, 10-19, 20-29, 

-CD via ultracentrifugation. Poisson regressions were used to assess the 

nteeeraaaction betwtwtweeeen nn faaaststinining g g stttatatatususus ananand LDLDL-C mem ththod, , , stststrararatititifififiedd bbby y y mamagng itudududeee ofofof eeerrorrr. AlAlAll l ppp---

valuuueese  reported d aare twwoo-sideeeddd.

Statistical analysis was performed with SStata (StS ataCorp), versioi n 11.0. 
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fasting patients across the clinical LDL-C categories. Furthermore, when stratifying based on TG 

levels among participants with LDL-CD <70 mg/dL, median LDL-CD values were almost 

identical between the two groups.

Distribution in the TG:VLDL ratio

The median TG:VLDL-C ratio was 4.9 in the fasting group (interquartile range [IQR] 4.3-5.7) 

and 5.3 in the non-fasting group (IQR 4.6-6.2). The 5th to 95th percentile for fasting TG:VLDL-

C ratio was 3.6 to 7.2 compared to 3.7 to 8.0 for non-fasting TG:VLDL-C.

Correlation in estimated vs. measured LDL-C 

When including all patients, there was excellent correlation between estimated and directly 

measured LDL-C using both methods, with minimal differences in R2 values between the fasting 

and non-fasting samples (Friedewald R2: 0.98 fasting vs 0.96 non-fasting; novel R2: 0.99 fasting 

vs 0.98 non-fasting). However, Friedewald correlation in participants with LDL-CD <70 mg/dL 

was reduced, especially in non-fasting patients (R2: 0.66 for fasting samples vs 0.60 for non-

fasting samples), compared with the novel method (R2: 0.80 for both fasting and non-fasting 

samples).

Magnitude of patient-level error

Overall, the percent differences between estimated LDL-C and LDL-CD were smaller and, across 

clinical categories, less affected by fasting status when using the novel method compared to 

Friedewald estimation (p<0.001) (Table 2). In particular for estimated LDL-C<70 mg/dL, 32%

of fasting patients and 44% of non-fasting patients had 10% or greater differences between 

estimated LDL-C and LDL-CD with the Friedewald equation. This is in comparison to 9% and

10 -CN and LDL-CD.

measured LDL-C using both methods, with minimal differences in R2 values betwweeeeeen nn ththhe e fafafastststinii g

and non-fasting samples (Friedewald R2: 0.98 fasting vs 0.96 non-fasting; novel R2: 0.99 fasting 

vs 0.98 non-fasting). However, Friedewald correlation in participants with LDL-CD <70 mg/dL 

wass s rrreduced, eeespsppecece iaii lllly y y ininin nnononon-fafafastststinini g pap tientsss (RR2:: 0.666666 fffororor fffasstitiingngng ssammplesss vvvss 0.0.0.6066 fffororor nnnononon-

fastttinining samplees)s)), cocommpareddd wwwith the nonovvel meeethhodd (RRR222::: 000.80080 ffor bbooth ffasstinining g and nononon-n-faasting 

amples).
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With respect to magnitude of error in mg/dL, a similar overall pattern was observed 

(Tables 3, 4). In those with LDL-C <70 mg/dL, 19% of fasting and 30% of non-fasting patients 

-C and LDL-CD (Table 3). Only 2-3% of 

patients had similar degrees of error with the novel method regardless of fasting status. At TG 

levels 200-399 mg/dL (Table 4), 73% of fasting and 81% of non-

differences between LDL-CF and LDL-CD, compared to 25% and 20% of patients respectively 

with LDL-CN. 

Accuracy in clinical categorization

With both fasting and non-fasting samples, accuracy was higher using the novel method across 

all LDL-C categories (range: 87-94%) compared to the Friedewald equation (range: 71-93%)

(p 0.001) (Figure 1a). Accuracy decreased as LDL-C decreased for both methods. However, 

accuracy in LDL-CN was less affected by fasting status, with only 2% or smaller differences in 

accuracy between the fasting and non-fasting groups across the clinical LDL-C groups. With 

estimated LDL-C <70 mg/dL, the difference in accuracy between the LDL-CN in fasting (94%) 

and non-fasting (92%) groups was smaller than for LDL-CF (78% and 71%, respectively). The 

percentage of patients moving into higher or lower estimated LDL-C groups is provided as 

Supplemental Table 2.

Within the estimated LDL-C <70 mg/dL group, accuracy further decreased as TG levels 

increased for both fasting and non-fasting samples (Figure 1b), particularly for Friedewald 

estimation (range: 37-96%) compared to the novel method (range: 82-94%). Across the TG 

categories, non-fasting samples had lower rates of accuracy compared to fasting samples for both 

methods. Yet, even with TG 200-399 mg/dL in non-fasting patients, LDL-CN <70 mg/dL 

accuracy was superior to LDL-CF (82% vs. 37%) (p<0.001).  

all LDL-C categories (range: 87-94%) compared to the Friedewald equation (rangge:e:: 77711-939393%)%)%)

p 0.001) (Figure 1a). Accuracy decreased as LDL-C decreased for both methods. However, 

accuracyy in LDL-CN was less affected by fasting status, with only 2% or smaller differences in 

accuuurrracy betweweeeene tthehh ffasasstititingngg aaandndnd nnnonoo -ffasa ting gggror upups acacacrororossssss tttheheh ccclilininin cacall LDL-L-L-C CC grgrgrouo psps.. WiWiW ththth 

estiiimmam ted LDLLL-C-C-C <<700 mmg/dLdLdL, the diffeerence innn accccururacacacyyy bebbetwtweenn tthe LDLDLLL--C- N in fffasasa tiinng (94%)%  

and non-fasting (992%2 ) ) groups was smalller thah n for LDL-CCF (788% and 71%, respectively). Thhe
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Discussion

In the first analysis of its kind using a validation sample from the Very Large Database of Lipids 

study over 3,000 times larger than Friedewald et al’s original derivation dataset, we assessed the 

magnitude of error in LDL-C estimation and accuracy in clinical classification based on fasting 

status. To our knowledge, no prior study has evaluated the impact of fasting status on novel 

LDL-C estimation. We found that Friedewald estimation of LDL-C in non-fasting samples leads 

to greater errors of -C

clinical cutpoints compared to Friedewald estimation in fasting samples, particularly at low 

LDL-C and high TG. In contrast to Friedewald estimation, fasting status had a relatively minimal 

effect on LDL-C classification with the novel method, which minimizes error and maintains 

substantially greater accuracy in clinical classification across the range of LDL-C and TG values.

Comparison to literature 

LDL-C has been of long-standing clinical importance in cardiovascular risk assessment and 

treatment decision-making as reflected in worldwide guidelines. Yet, international guidelines 

remain divided with recommending LDL-C estimation in the fasting state. While the recent 2016 

joint consensus statement from the European Atherosclerosis Society and the European 

Federation of Clinical Chemistry and Laboratory Medicine (EAS-EFCLM) favors routine non-

fasting lipid evaluation, the 2013 American College of Cardiology/American Heart Association 

Prevention Guideline suggests otherwise and instead prefers fasting lipid panels.1,15

Guidelines and expert recommendations will continue to evolve.1–6,33 However, there is 

strong interest in non-fasting lipid assessment and many patients are having non-fasting lipid 

profiles. In our data, 38% of patients across the United States had their lipid assessments 

effect on LDL-C classification with the novel method, which minimizes error and d mamamaininintataainininsss

ubstantially greater accuracy in clinical classification across the range of LDL-C and TG values

Comparison to literature 

LDLLL--C-  has beeeenn n ofofof lononong-g-g-ststs ananndididingngng ccclill niicac l impopop rtanance iiin n n cacacardrdrdioiovavaascscs ulu arar risk k k asasassesesessssssmeentntnt aaandndnd 

reaaatmtmtment decisisiionon-mamakking aaasss reflectedd iin worrldldl wiidde ggguiuiuideddelililinenes. YYet, ininternrnrnationalll gugug idideliness 

emain dividded witi h h recommending LDL-C estiimation in the faf sting state. WWhile the recent 202016
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performed in the non-fasting state. This proportion may increase in response to recent expert 

recommendations and may already be higher in other regions of the world.1

A key question worth further scrutiny is the impact of non-fasting on LDL-C accuracy 

and clinical decision-making. To lend support for non-fasting Friedewald estimation, the EAS-

EFCLM statement cited multiple population-based studies which found 8-19% increases in TG 

levels in non-fasting samples with resultant decreases of 4-25% in Friedewald-estimated LDL-

C.7,12,34-36 However, averaging the differences in LDL-C between fasting and non-fasting patients 

across a population masks trends within particular patient groups. In our study, error in 

Friedewald estimation within non-fasting samples appeared to increase compared to fasting 

samples as LDL-C decreased, yet these differences were relatively preserved with the novel 

method.  

Furthermore, data from the Copenhagen City Heat Study constituted a core argument in 

support of non-fasting lipid assessment in the joint EAS-EFCLM statement.1,34 Because there 

was a minimal difference in R2 values between directly measured LDL-C and Friedewald 

estimated LDL-C in fasting (R2 = 0.87) and non-fasting (R2 = 0.84) patients, the joint committee 

argued for the use of routine non-fasting samples.1 

Yet, this was again a population-based assessment and the problem mainly occurs in the 

specific setting of low LDL-C and high TG. To this point, we have shown when isolating 

patients at a lower LDL-C cutpoint (<70 mg/dL), the correlation between estimated and directly 

measured LDL-C markedly decreases and is affected by fasting status with Friedewald 

estimation, yet remains high with the novel method regardless of fasting status. Although many 

people in a study like ours may have high LDL-C levels at a given point in time, where 

differences in LDL-C accuracy between the methods may have little consequence, many of the 

amples as LDL-C decreased, yet these differences were relatively preserved with h thththeee nononovevev l ll

method.  

Furthermore, data from the Copenhagen City Heat Study constituted a core argument in 

uppppppooort of nonnn--fffaststs inii g g g liliipipipid d asasssesesessssssmemm ntt iin the jojoj innt EAAASSS-EFEFEFCLCC MM M ststs ata emement.t..1,1,34343 BeBeBecaususu e e e thththererereee

wass s aa a minimal l l didd fffeereence inn n RRR2 values bbetweennn dirreectltltly y y memem assuuredd LLDLL--C aaand Friedede ewewaald 

estimated LDDL-C in ffasting (R2 = 00.87) and non-faf sting (R222 = 00.84)4  patiei nts, the joint commiittee
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same patients will eventually be treated to lower LDL-C levels where such differences then 

become more important.  

Implications for clinical care

We submit that the central question regarding Friedewald accuracy in non-fasting patients 

depends on whether non-fasting LDL-CF misclassifies a significant proportion of patients based 

on clinical LDL-C cutpoints, as this reflects the way that clinicians and patients make data-

driven and guideline-recommended decisions. The EAS-EFCLM statement suggests that minor 

variations in non-fasting lipid values may only reclassify a few individuals.1 However, given the 

approximately 200 million Americans who undergo lipid testing each year, and with treatment 

guidelines using LDL-C values to initiate and titrate therapies, which LDL-C category an 

estimated value falls within may have important treatment implications for large numbers of 

individuals.37

We have specifically shown that individual, patient-level misclassification increases 

substantially with Friedewald estimation using non-fasting samples as LDL-C decreases below 

70 mg/dL. In this LDL-C range, there is an overall 7% absolute difference in misclassification 

rates with non-fasting samples compared to fasting samples. This translates to a misclassification 

of nearly 1 out of every 14 additional patients if a clinician uses the Friedewald method in the 

non-fasting state, which may erroneously exclude such patients for initiation or intensification of 

lipid-lowering therapy. This inaccuracy worsens in the setting of hypertriglyceridemia and is in 

contrast to the novel method, which appears to largely preserve estimated LDL-C accuracy with 

non-fasting samples. In the range where the Friedewald equation is most problematic and 

accuracy is of utmost importance for high-risk patients with secondary prevention goals of LDL-

guidelines using LDL-C values to initiate and titrate therapies, which LDL-C cateegogooryryry aaan n n

estimated value falls within may have important treatment implications for large numbers of 

ndividuals.37

We havvveee spppecee ififi iciccalalallyl ssshohohownwnwn thaat t indiviiidud aal,, paatititienenent-t-t-leleleveell mimim scs lalassiffficicicatata ioioion n n incrcrcreaeaeaseseses s s 

ubsbsbstatat ntially wiwiwithtt FFriededewaala dd d estimationon usingg g nononn-faaastststininingg sammpleles as LLDLDLDL-C decrrreeaseses belooww 

70 mg/dLd . In this LLDLDL-C range, thhere is an overalll 7% absolute diffference in misclassiification 
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C <70 mg/dL, only 1 out of every 50 additional patients may be misclassified into a higher LDL-

C group when applying the novel equation to non-fasting samples. 

With respect to absolute error, nearly ten times as many non-fasting patients with 

Friedewald-estimated LDL-C <70 mg/dL had errors -C calculation when 

compared to the novel method. This amounts to 1 out of every 3 patients when applying the 

Friedewald equation. Moreover, with hypertriglyceridemia 200-399 mg/dL at this LDL-C level, 

nearly four times as many non-fasting patients had errors -derived 

LDL-C. With increased variance in the TG:VLDL-C ratio in the post-prandial state, the novel 

method therefore better accounts for the range of possible TG levels by adjusting the ratio of 

TG:VLDL-C.

Even within fasting samples, the novel method lends a greater degree of accuracy. In 

Friedewald et al’s original 1972 study consisting of 448 patients, lipid samples were analyzed in 

the fasting state to reduce fluctuating TG levels.16 However, even after controlling for any post-

prandial TG variation, there still exists large variance in the TG:VLDL-C ratio. This is an 

unavoidable byproduct of lipid metabolism. Other factors such as diabetes and insulin resistance, 

presence of obesity and metabolic syndrome, and genetic predisposition account for inherent 

causes of TG variation.38 Assuming a fixed relationship of 5 across a population between TG and 

VLDL-C does not account for these issues in individuals, even in the fasting state, which 

explains the greater precision of the adaptable approach.

We acknowledge that lipoprotein(a) (Lp(a)) values may be elevated and therefore affect 

the accuracy of LDL-C given that the conventional Friedewald and Centers for Disease Control 

and Prevention (CDC) definition of LDL-C incorporates the cholesterol contents of Lp(a) as well 

as intermediate-density lipoprotein. Although Lp(a)-cholesterol is a relatively small fraction of 

TG:VLDL-C.

Even within fasting samples, the novel method lends a greater degree of accuracy. In 

Friedewald et al’s original 1972 study consisting of 448 patients, lipid samples were analyzed in 

he fafafasting statttee tooo rrreddducucucee e flflucucctututuatatatinining gg TGTG levellls.s 16 HHowewewevevever,r,r, eeevevenn n afafa tet r r coc ntttrororollllllinining g g for r r ananany y y popoposts -

prannndddial TG vaaariririattioon, tthereee ssstill exists large vvav rriananceee iiinn n thththe TGT :VVLLDLL-C rraata io. Thhhiss iis an 

unavoidad ble byprodduct of lipid metabolism. Othher ffactors such h as ddiabetes and insulin resistance,
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LDL-C in most individuals, it will consist of a higher fraction in those with high Lp(a). The 

novel method of LDL-C estimation is calculated using the standard Friedewald and CDC 

definition of LDL-C, and the estimated portion of VLDL-C is not dependent on Lp(a). 

Furthermore, Lp(a) appears to be unaffected by fasting status, and therefore should be relatively 

constant between the fasting and non-fasting states.40

Limitations 

The relative strengths of our study include its sample size and the generalizability of our results. 

We have previously shown that the population distributions of TC, HDL-C, TG, Friedewald 

LDL-C, and non-HDL-C from the Very Large Database of Lipids cohort are almost identical to 

those from the US population-representative National Health and Nutritional Examination 

Survey (NHANES).20,32

Limitations include not knowing the exact time of fasting for each patient despite 

protocol calling for 10-12 hours of fasting prior to sample collection. However, previous studies 

have suggested that the timing of fasting has minimal effect on the initial absolute increase in TG 

concentration and subsequent LDL-C estimation in the post-prandial period.10,35,38-39 The VLDL 

database furthermore does not report the medications used by each patient at the time of lipid 

collection. Nevertheless, clinical guidelines continue to support the use of longitudinal LDL-C

assessment either in the fasting or non-fasting state regardless of any concomitant lipid-lowering 

therapy. While we have age and sex available for patients - two factors which may affect TG 

levels and subsequently the variance in TG:VLDL-C ratios - other factors such as insulin 

resistance, race, and obesity were not available for analysis. We further used the first available 

lipid sample for patients. Intra-individual variation between sequential samples may affect LDL-

hose from the US population-representative National Health and Nutritional Exaamimiminananatitiiononon 

Survey (NHANES).20,32

Limitations include not knowing the exact time of fasting for each patient despite 

protttooocol callingngg fororor 10-0-0 121212 hhouuursrsrs oooff f faff sttining priooor r too ssammmplplple e cococollll ececttit onono . HoHoweeevevever,r,r, ppprerr viououousss ststs udududiei s 

havevee suggestedd ttthaatt thhee timiiinngn  of fastinngg has mimim nimam l l l efefeffefefe tct on thhee inittiaal abbabsolute incncreease inn TTG

concentration and subsb equent LDL-C estimation iin the post-pranddial period.1011 ,35,33388-3939 ThThe VLDL 
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C classification. However, our sample size ensured adequate numbers of patients for analysis in 

each arm of the study.

Conclusions 

In a large cross-sectional population, we have shown for the first time that estimated LDL-C

accuracy and error are largely preserved with novel adaptable LDL-C estimation regardless of 

fasting status. This is in contrast to the fixed Friedewald method, where fasting status may have 

important clinical implications on estimated LDL-C accuracy. With the recent trend towards 

non-fasting lipid assessment, and with the continued focus on LDL-C in global clinical 

guidelines, the novel method can provide more precise non-fasting LDL-C estimation

particularly for patients with lower LDL-C and higher TG levels. In addition to stimulating 

further study, these findings may have immediate relevance to guideline committees, laboratory 

leadership, clinicians and patients seeking to make decisions based on the most precise 

information possible. 

Sources of Funding

The Very Large Database of Lipids is supported by a charitable gift from the David and June 

Trone Family Foundation. Dr. Martin has research support from the PJ Schafer Cardiovascular 

Research Fund, American Heart Association, Aetna Foundation, CASCADE FH, Google, and 

Apple.

Disclosures

Drs. Martin and Jones are listed as co-inventors on a pending patent filed by Johns Hopkins 

University for the novel method of LDL cholesterol estimation. Dr. Jones has served as an 

particularly for patients with lower LDL-C and higher TG levels. In addition to stitimumumulalalatititingngng 

further study, these findings may have immediate relevance to guideline committees, laboratory 

eadershipp,, clinicians and patients seeking to make decisions based on the most precise d

nfooormrmrmation pooossss ibbblell . 

Sources of FFundiing

 by guest on O
ctober 16, 2017

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


10.1161/CIRCULATIONAHA.117.030677

17 

advisor to Sanofi/Regeneron. Dr. Martin has served as a consultant to Quest Diagnostics, 

Sanofi/Regeneron, Amgen, and the Pew Research Center. The other authors report no conflicts.

References

1.  Nordestgaard BG, Langsted A, Mora S, Kolovou G, Baum H, Bruckert E, Watts GF, 
Sypniewska G, Wiklund O, Boren J, Chapman MJ, Cobbaert C, Descamps OS, von 
Eckardstein A, Kamstrup PR, Pulkki K, Kronenberg F, Remaley AT, Rifai N, Ros E, 
Langlois M. Fasting is not routinely required for determination of a lipid profile: clinical 
and laboratory implications including flagging at desirable concentration cut-points - a
joint consensus statement from the European Atherosclerosis Society and European 
Federation of Clinical Chemistry and Laboratory Medicine. Eur Heart J. 2016;37:1944-
1958.

2.  Jacobson TA, Ito MK, Maki KC, Orringer CE, Bays HE, Jones PH, McKenney JM, 
Grundy SM, Gill EA, Wild RA, Wilson DP, Brown WV. National Lipid Association 
recommendations for patient-centered management of dyslipidemia: part 1 - full report. J
Clin Lipidol. 2015;9:129-169.  

3.  Langsted A, Nordestgaard BG. Nonfasting lipid profiles: the way of the future. Clin 
Chem. 2015;61:1123-1125. 

4.  Mora S. Nonfasting for routine lipid testing: from evidence to action. JAMA Intern Med.
2016;176:1005-1006. 

5.  Gaziano JM. Should we fast before we measure our lipids? Arch Intern Med.
2012;172:1705-1706. 

6.  Eckel RH. LDL cholesterol as a predictor of mortality, and beyond. To fast or not to fast, 
that is the question? Circulation. 2014;130:528-529. 

7.  Mora S, Rifai N, Buring JE, Ridker PM. Fasting compared with nonfasting lipids and 
apolipoproteins for predicting incident cardiovascular events. Circulation. 2008;118:993-
1001.

8.  Ridker PM, Rifai N, Cook NR, Bradwin G, Buring JE. Non-HDL cholesterol, 
apolipoproteins A-I and B100, standard lipid measures, lipid ratios, and CRP as risk 
factors for cardiovascular disease in women. JAMA. 2005;294:326-333. 

9.  Nordestgaard BG, Benn M, Schnohr P, Tybjaerg-Hansen A. Nonfasting triglycerides and 
risk of myocardial infarction, ischemic heart disease, and death in men and women. 
JAMA. 2007;298:299-308.  

10.  Bansal S, Buring JE, Rifai N, Mora S, Sacks FM, Ridker PM. Fasting compared with 
nonfasting triglycerides and risk of cardiovascular events in women. JAMA.
2007;298:309-316.  

11.  van Deventer HE, Miller WG, Myers GL, Sakurabayashi I, Bachmann LM, Caudill SP, 
Dziekonski A, Edwards S, Kimberly MM, Korzun WJ, Leary ET, Nakajima K, Nakamura 
M, Shamburek RD, Vetrovec GW, Warnick GR, Remaley AT. Non-HDL cholesterol 
shows improved accuracy for cardiovascular risk score classification compared to direct 
or calculated LDL cholesterol in a dyslipidemic population. Clin Chem. 2011;57:490-501. 

12. Sidhu D, Naugler C. Fasting time and lipid levels in a community-based population: a 

Grundy SM, Gill EA, Wild RA, Wilson DP, Brown WV. National Lipid Association 
recommendations for patient-centered management of dyslipidemia: part 11 -- fufufulllll rrrepepepororortt.t  J
Clin Lipidol. 2015;9:129-169.  

3.  Langsted A, Nordestgaard BG. Nonfasting lipid profiles: the way of the future. Clin 
Chem. 2015;61:1123-1125. 

4.  Mora S. Nonfasting for routine lipid testing: from evidence to action. JAMA Intern Med.
20202016166;11;176767 :10005-1006. 

5.  Gaziano oo JMJMJM. Shhhououuldldl wwwee e fafafaststst bbbefforo e we mmeaassuree oooururur lllipipipidds?s?? ArArA chh Intererern n n MeMeMedd.
2012;172:1705-171717066. 

6.  Eckel RHRHRH. LDLDLL chollessesterol as aa ppredictttoor oof f momomortrtrtalalalittityy, andd bbeyonondd.d TTTo fast oor nonot to fasast, 
thththata iiisss thththe ququesttioon? CiCiCircrcr ullatatatioioi n.. 20202 1444;;1;1330:5:52888-5-5-52999..

7.  MoM ra S, Rifaf i N,N  Buring JE, Ridker PPM. Fasting compared with nonfasting lipiidsd  and 

 by guest on O
ctober 16, 2017

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


10.1161/CIRCULATIONAHA.117.030677

18 

cross-sectional study. Arch Intern Med. 2012;172:1707-1710. 
13.  Brenner H, Heiss G. The intraindividual variability of fasting triglyceride - a challenge for 

further  standardization. Eur Heart J. 1990;11:1054-1058. 
14.  Driver SL, Martin SS, Gluckman TJ, Clary JM, Blumenthal RS, Stone NJ. Fasting or 

nonfasting lipid measurements: it depends on the question. J Am Coll Cardiol.
2016;67:1227-1234. 

15.  Stone NJ, Robinson JG, Lichtenstein AH, Merz CNB, Blum CB, Eckel RH, Goldberg AC, 
Gordon D, Levy D, Lloyd-Jones DM, McBride P, Schwartz JS, Shero ST, Smith SC, 
Watson K, Wilson PWF. 2013 ACC/AHA guideline on the treatment of blood cholesterol 
to reduce atherosclerotic cardiovascular risk in adults: a report of the American College of 
Cardiology/American Heart Association Task Force on Practice Guidelines. Circulation. 
2014;129:S1-45.  

16.  Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density 
lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clin 
Chem. 1972;18:499-502. 

17.  Scharnagl H, Nauck M, Wieland H, Marz W. The Friedewald formula underestimates 
LDL cholesterol at low concentrations. Clin Chem Lab Med. 2001;39:426-431. 

18.  Jun KR, Park HI, Chun S, Park H, Min WK. Effects of total cholesterol and triglyceride 
on the percentage difference between the low-density lipoprotein cholesterol 
concentration measured directly and calculated using the Friedewald formula. Clin Chem 
Lab Med. 2008;46:371-375. 

19.  Lindsey CC, Graham MR, Johnston TP, Kiroff CG, Freshley A. A clinical comparison of 
calculated versus direct measurement of low-density lipoprotein cholesterol level. 
Pharmacotherapy. 2004;24:167-172. 

20.  Martin SS, Blaha MJ, Elshazly MB, Toth PP, Kwiterovich PO, Blumenthal RS, Jones SR. 
Comparison of a novel method vs the Friedewald equation for estimating low-density 
lipoprotein cholesterol levels from the standard lipid profile. JAMA. 2013;310:2061-2068. 

21. Ruge T, Svensson M, Eriksson JW, Olivecrona G. Tissue-specific regulation of 
lipoprotein lipase in humans: effects of fasting. Eur J Clin Invest. 2005;35:194-200. 

22. Ladu MJ, Kapsas H, Palmer WK. Regulation of lipoprotein lipase in adipose and muscle 
tissues during fasting. Am J Physiol. 1991;260:R953-R959.  

23. Miller WG, Waymack PP, Anderson PP, Ethridge SF, Jayne EC. Performance of four 
homogenous direct measures for LDL-cholesterol. Clin Chem. 2002;48:489-498. 

24. Mora S, Rifai N, Buring JE, Ridker PM. Comparison of LDL cholesterol concentrations 
by Friedewald calculation and direct measurement in relation to cardiovascular events in 
27331 women. Clin Chem. 2009;55:888-894. 

25. HPS3/TIMI55-REVEAL Collaborative Group. Effects of anacetrapib in patients with 
atherosclerotic cardiovascular disease. N Engl J Med. 2017;377:1217-1227. 

26. Ferreira CEDS, Scartezini M, Franca CN. Lipid profile, the world needs to change. J Clin 
Lipidol. 2017;11:769-770.

27. Scartezini M, Ferrerira CEDS, Izar MCO, Bertoluci M, Vencio S, Campana GA, Sumita 
NM, Barcelos LF, Faludi AA, Santos RD, Malachias MVB, Aquino JL, Galoro CAD, 
Sabino C, Gurgel MHC, Turatti LAA, Hohl A, Martinez TLDR. Positioning about the 
flexibility of fasting for lipid profiling. Arg Bras Cardiol. 2017;108:195-197. 

28.  Catapano AL, Graham I, De Backer G, Wiklund O, Chapman MJ, Drexel H, Hoes AW, 
Jennings CS, Landmesser U, Pedersen TR, Reiner Z, Riccardi G, Taskinen MR, 

18.  Jun KR, Park HI, Chun S, Park H, Min WK. Effects of total cholesterol and triiglyceride 
on the percentage difference between the low-density lipoprotein cholesterrololl 
concentration measured directly and calculated using the Friedewald formululula.a.. ClCllininn CCChehehemmm
Lab Med. 2008;46:371-375. 

19.  Lindsey CC, Graham MR, Johnston TP, Kiroff CG, Freshley A. A clinical comparison of 
calculated versus direct measurement of low-density lipoprotein cholesterol level. 
PhPhPharrrmamamacocc thheerapy. 2004;24:167-172. 

20.  Martin SSSSSS, BlBB ahhha a MJMJM , ElElElshshshazazazlyl MMB, Tototo h h PPPP, KwKwKwititi erererovovovicchh h POPOP , BlB ummmenenenththhalalal RS,S,S JJJonononeseses SSR.
Comparisonn of f a aa noveveel ll methhhododod vvss the FFriiededewaaldldl  eququuatatationn ffor eesttimamamating lowowow-ddeeensity 
lipoprottteieiin cchooleesteroooll l levels froomm the ssts aandadarddd lllipipipididid pprrofilele. JAMAMAA. 2013;3100:220061-200668.

21. RuRRugegege TTT,, Svvenensssoon M, ErErErikssssssonoon JJJW,W,W, OOOlililivvev crroona aa GGG. TiTiTisssss ueuu -spspspececiffic rregegeguluu atttioioionn n of 
liipoprotein liipase in humans: effects of ffasting. Eur J Cllin Invest. 20055;35:194-202 0. 

 by guest on O
ctober 16, 2017

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


10.1161/CIRCULATIONAHA.117.030677

19 

Tokgozoglu L, Verschuren WM, Vlachopoulos C, Wood DA, Zamorano JL. 2016 
ESC/EAS guidelines for the management of dyslipidaemias. Eur Heart J. 2016;37:2999-
3058.

29. Lloyd-Jones DM, Morris PB, Ballantyne CM, Birtcher KK, Daly DD Jr, DePalma SM, 
Minissian MB, Orringer CE, Smith SC Jr. 2016 ACC expert consensus decision pathway 
on the role of non-statin therapies for LDL-cholesterol lowering in the management of 
atherosclerotic cardiovascular disease risk: a report of the American College of 
Cardiology Task Force on Clinical Expert Consensus Documents. J Am Coll Cardiol.
2016;68:92-125. 

 30. Third report of the National Cholesterol Education Program (NCEP) expert panel on 
detection, evaluation, and treatment of high blood cholesterol in adults (Adult Treatment 
Panel III) final report. Circulation. 2002;106:3143-3421. 

31. ClinicalTrials.gov: National Library of Medicine (US) (2012-2017). The Very Large 
Database of Lipids (VLDL). ClinicalTrials.gov identifier: NCT01698489.

32.  Martin SS, Blaha MJ, Toth PP, Joshi PH, McEvoy JW, Ahmed HM, Elshazly MB, Swiger 
KJ, Michos ED, Kwiterovich PO, Kulkarni KR, Chimera J, Cannon CP, Blumenthal RS, 
Jones SR. Very large database of lipids: rationale and design. Clin Cardiol. 2013;36:641-
648.

33. Khera AV, Mora S. Fasting for lipid testing: is it worth the trouble? Arch Intern Med.
2012;172:1710-1712. 

34. Langsted A, Freiberg JJ, Nordestgaard BG. Fasting and nonfasting lipid levels: influence 
of normal food intake on lipids, lipoproteins, apolipoproteins, and cardiovascular risk 
prediction. Circulation. 2008;118:2047-2056. 

35.  Steiner MJ, Skinner AC, Perrin EM. Fasting might not be necessary before lipid 
screening: a nationally representative cross-sectional study. Pediatrics. 2011;128:463-470. 

36.  Langsted A, Nordestgaard BG. Nonfasting lipids, lipoproteins, and apolipoproteins in 
individuals with and without diabetes: 58,434 individuals from the Copenhagen General 
Population Study. Clin Chem. 2011;57:482-489. 

37.  Li C, Balluz LS, Okoro CA, Strine TW, Lin JM, Town M, Garvin W, Murphy W, Bartoli 
W, Valluru B. Surveillance of certain health behaviors and conditions among states and 
selected local areas - behavioral risk factor surveillance system, United States, 2009. 
MMWR Surveill Summ. 2011;60:1-250. 

38.  Miller M, Stone NJ, Ballantyne C, Bittner V, Criqui MH, Ginsberg HN, Goldberg AC, 
Howard WJ, Jacobson MS, Kris-Etherton PM, Lennie TA, Levi M, Mazzone T, Pennathur 
S. Triglycerides and cardiovascular disease: a scientific statement from the American 
Heart Association. Circulation. 2011;123:2292-2333.  

39.  Ridker PM. Fasting versus nonfasting triglycerides and the prediction of cardiovascular 
risk: do we need to revisit the oral triglyceride tolerance test? Clin Chem. 2008;54:11-13. 

40. Langsted A, Karnstrup PR, Nordestgaard BG. Lipoprotein(a): fasting and nonfasting 
levels, inflammation, and cardiovascular risk. Atherosclerosis. 2014;234:95-101.  

648.
33. Khera AV, Mora S. Fasting for lipid testing: is it worth the trouble? Arch IIntnttererernnn MeMeMeddd..

2012;172:1710-1712. 
34. Langsted A, Freiberg JJ, Nordestgaard BG. Fasting and nonfasting lipid levels: influence 

of normal food intake on lipids, lipoproteins, apolipoproteins, and cardiovascular risk 
prediction. Circulation. 2008;118:2047-2056. 

35. SSSteteteinininererer MMMJ,, SSkinner AC, Perrin EM. Fastinngg might not be necesssasary before lipid 
screeninnngg:g aaa nnnatttioioonananalll y y y rerereprprpresesesentatative croror ss-ssectititionononalalal ssstutudydyy. PePedidiata ricscscs.. 2020201111 ;1282828:4:4:4636363-4-4-470

36.  Langsted AA, Nororrdddestgagagaard BGBGG. NoN nfasttinng liipididds, lipppopopoproteiins, aandnd aaappolipooprprprotteieiins in 
individuualaa s wwithh and wwwithout diaabbetes: 55588,43434 ininindididivividudduaals frfrom tthhe CCCopenhaaaggeg nn Generaral 
PoPoPopupupulalalatitition SStudydy. Clininin CCCheeemmm. 2000111111;5;57:7:7:44822-48489.9.9.

37. LLi C, Balluz LSS, Okoro CAA, Strine TW,W LLin JM, Town M,M GGarvin W, Murphy W,W  Bartoli 

 by guest on O
ctober 16, 2017

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


10.1161/CIRCULATIONAHA.117.030677

20 

Table 1. Study population characteristics and lipid values, stratified by fasting status

Fasting
(n=959,153)

Non-fasting 
(n=586,481)

Characteristic
Age, y, Median (IQR) 56 (46-67) 55 (43-66)
Male, No. (%) 445,457 (47) 247,013 (42)

Lipid value, mg/dL, Median (IQR)
Total cholesterol 195 (165-226) 195 (166-226)
HDL-C 51 (42-63) 51 (42-63)
TG 110 (73-143) 125 (87-182) 
Measured LDL-C 116 (91-143) 115 (91-142)
Friedewald LDL-C 115 (90-142) 112 (87-139)
Novel LDL-C 117 (92-143) 115 (91-142)

Number of patients by LDL-CD categories, No. (%)
<70 78,458 (8) 49,283 (8)
70-99 228,264 (24) 140,881 (24)
100-129 296,041 (31) 182,541 (31)
130-159 215,476 (23) 129,577 (22)
160-189 97,725 (10) 58,202 (10)

43,124 (5) 25,938 (4)

LDL-CD levels by LDL-C categories, mg/dL, Median (IQR)
<70 60 (53-65) 60 (52-65)
70-99 86 (79-93) 86 (79-93)
100-129 113 (106-121) 113 (106-121)
130-159 141 (135-149) 141 (135-149)
160-189 170 (164-178) 170 (164-178)

205 (195-221) 205 (195-221)

Number of patients with LDL-CD<70 by TG levels, No. (%)
<100 42,972 (55) 23,804 (48)
100-149 20,179 (26) 13,024 (26)
150-199 8,173 (10) 6,257 (13)
200-399 7,134 (9) 6,198 (13)

TG levels, mg/dL, for patients with LDL-CD<70, Median (IQR)
<100 69 (55-83) 70 (56-84)
100-149 119 (109-132) 120 (109-133)
150-199 169 (159-182) 171 (159-183)
200-399 250 (221-297) 251 (221-299)

IQR: interquartile range; HDL-C: high-density lipoprotein-cholesterol; LDL-C: low-density lipoprotein-
cholesterol; LDL-CD: directly-measured LDL; TG: triglyceride; mg/dL: milligrams per deciliter; y: years;
No: number

, ( ) , ( )
70-99 228,264 (24) 1440,0,,8888881 (2(2(24)4)4)
100-129 296,041 (31) 18882,2,2,54541 (3(331)1)1)
130-159 215,476 (23) 129,577 (22)
160-189 97,725 (10) 58,202 (10)

43,124 (5) 25,938 (4)

LLDDLLL-CDC levelsss bbby LDLDLDLLL-C C C cacac tet gogogoriririeseses, mgm /d/dL, Medddiai n (I(IQRR)))
<70 60600 (533--65) 6000 (((525 -65656 )
7077 -99 8686 (799--93) 86 (779-993)
101010000-12999 1111113 (1110060 -12211) 11111333 (1066-121)
1300-159 14411 (1353 -149)9 141 1 (135-149))
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Table 2. Percentage of patients by percent error between estimated LDL-C (LDL-CF or LDL-CN) and LDL-CD

Estimated LDL-C*† <5% error 5-9% error 10-19% error 20-29% error 30% error
Fasting Non-fasting Fasting Non-fasting Fasting Non-fasting Fasting Non-fasting Fasting Non-fasting

LDL-CF: <70 43.5
(43.2-43.8)

34.5
(34.1-34.8)

24.1
(23.9-24.4)

21.4
(21.1-21.8)

19.4
(19.1-19.6)

22.1
(21.8-22.4)

7.9
(7.7-8.0)

11.9
(11.7-12.2)

5.1
(5.0-5.2)

10.0
(9.8-10.2)

LDL:CN: <70 76.5
(76.1-76.8)

72.1
(71.7-72.5)

15.0
(14.7-15.2)

17.9
(17.6-18.2)

6.6
(6.5-6.8)

8.0
(7.8-8.2)

1.3
(1.2-1.3)

1.3
(1.2-1.4)

0.7
(0.6-0.7)

0.7
(0.7-0.8)

LDL-CF: 70-99 66.5
(66.4-66.7)

57.4
(57.1-57.6)

21.8
(21.6-22.0)

22.4
(22.2-22.7)

9.9
(9.8-10.0)

15.5
(15.3-15.7)

1.6
(1.5-1.6)

4.2
(4.1-4.3)

0.2
(0.2-0.2)

0.5
(0.5-0.5)

LDL-CN: 70-99 85.2
(85.0-85.3)

82.5
(82.3-82.7)

10.7
(10.6-10.8)

13.1
(12.9-13.2)

3.2
(3.1-3.3)

3.5
(3.4-3.6)

3.2
(3.1-3.3)

3.5
(3.4-3.6)

0.4
(0.4-0.4)

0.4
(0.3-0.4)

LDL-CF: 100-129 80.7
(80.5-80.8)

71.4
(71.2-71.6)

14.6
(14.5-14.8)

18.3
(18.1-18.4)

4.3
(4.2-4.4)

9.2
(9.1-9.4)

0.3
(0.3-0.3)

1.0
(0.9-1.0)

0.1
(0.1-0.1)

0.1
(0.1-0.1)

LDL-CN: 100-129 88.9
(88.8-89.0)

86.7
(86.6-86.9)

8.3
(8.2-8.4)

10.5
(10.4-10.6)

2.2
(2.1-2.2)

2.2
(2.2-2.3)

0.4
(0.4-0.4)

0.3
(0.3-0.4)

0.3
(0.3-0.3)

0.3
(0.2-0.3)

LDL-CF: 130-159 87.9
(87.8-88.0)

80.3
(80.1-80.6)

10.0
(9.9-10.2)

14.5
(14.3-14.7)

1.9
(1.8-1.9)

4.9
(4.8-5.0)

0.1
(0.1-0.1)

0.2
(0.1-0.2)

0.1
(0.1-0.1)

0.1
(0.1-0.1)

LDL-CN: 130-159 90.6
(90.5-90.7)

88.9
(88.7-89.1)

7.0
(6.9-7.1)

8.8
(8.7-9.0)

1.9
(1.8-1.9)

1.8
(1.7-1.9)

0.3
(0.3-0.3)

0.2
(0.2-0.3)

0.2
(0.2-0.2)

0.2
(0.2-0.2)

LDL-CF: 160-189 90.9
(90.7-91.1)

85.2
(84.9-85.5)

7.7
(7.5-7.9)

12.0
(11.7-12.3)

1.2
(1.1-1.2)

2.6
(2.4-2.7)

0.1
(0.1-0.1)

0.1
(0.1-0.1)

0.1
(0.1-0.1)

0.2
(0.1-0.2)

LDL-CN: 160-189 91.0
(90.9-91.2)

89.1
(88.9-89.4)

6.8
(6.6-6.9)

8.6
(8.4-8.9)

1.7
(1.7-1.8)

1.8
(1.7-1.9)

0.2
(0.2-0.3)

0.2
(0.2-0.3)

0.2
(0.2-0.2)

0.2
(0.2-0.3)

LDL-CF: 190 91.1
(90.8-91.4)

88.1
(87.7-88.5)

7.1
(6.9-7.3)

9.7
(9.4-10.1)

1.2
(1.1-1.3)

1.5
(1.4-1.7)

0.2
(0.2-0.2)

0.2
(0.1-0.2)

0.4
(0.3-0.4)

0.4
(0.4-0.5)

LDL-CN: 190 90.1
(89.8-90.3)

89.4
(89.0-89.8)

7.1
(6.8-7.3)

7.7
(7.4-8.0)

2.1
(1.9-2.2)

2.0
(1.8-2.2)

0.3
(0.3-0.4)

0.3
(0.2-0.4)

0.5
(0.4-0.6)

0.6
(0.5-0.7)

*Estimated LDL-C values in mg/dL; LDL-CF: Friedewald LDL-C; LDL-CN: Novel LDL-C; †Overall, the novel method resulted in more patients in the 
<10% error group and, across clinical categories, was less affected by fasting status (p<0.001)

99 66.5
(66.4-66.7)

57.4
(57.1-57.6)

21.8
(21.6-22.0)

22.4
(22.2-22.7)

9.9
(9.8-10.0)

15.5
(15.3-15.7)

1.6
(1.5-1.6)

4.2
(4.111-4.4.4 33)3)

0.0.0 222
(0(0(0.2.2.2---0.2)

99 85.2
(85.0-85.3)

82.5
(82.3-82.7)

10.7
(10.6-10.8)

13.1
(12.9-13.2)

3.2
(3.1-3.3)

3.5
(3.4-3.6)

3.2
(3.1-3.3)

3.5
(3.4-3.6)

0.0.0 444
(0.4-0.4)

0-129 80.7
(80.5-80.8)

71.4
(71.2-71.6)

14.6
(14.5-14.8)

18.3
(18.1-18.4)

4.3
(4.2-4.4)

9.2
(9.1-9.4)

0.3
(0.3-0.3)

1.0
(0.9-1.0)

0.1
(0.1-0.1)

0-129 88.9
(8(8(888.888-898989.0. )

86.7
(8(( 6.6-86.9)

8.3
(8.2-8.4)

10.5
(10.4-10.6)

2.2
(2(2( .1-2.2)

2.2
(2.2-2.3))

0.4
(0(0.4-0.4)

0.3
(0.3-0.4)

0.3
(0.3-0.3)

0-15999 87.9
(87.8-88.000))

880.3
(8(( 0..11--808080 6.66)))

10.0
(9(9(9.9.9.9-101010.2.2.2)

14.5
(1( 4.3-14.7.77)))

11.9
(1.8-1.1.1.9)9)9)

4.9
(4((4.88-55.0)))

00.1
(0(0.1-0..1)1)1)

0.2
(0(0(0 1.1.1-0.2)

0.1
(0(0( .1.1.1--0.00 1)

0-155599 90.6
(90.5-90.77))

888.99
((88..7---89.1)

777.0
(6.9-7.1)

88.8
((8.7-9.0))

11.9
(1.8-1.9)9)9)

1...8
(11.7-1..9))

0.3
(00.3--0..0 3)

0.22
(0.2-0.0.3)

0.2
(0.2-0.22)

0-18999 90.9
(9(( 0.7-919191.1.11)))

885.22
((84..9--85.5)

7.7
(7(7(7.5-7...9)9)9)

12.0
(1(1(11.7-121212.3. ))

11.2
(1.111--1.1.1.2)

2..6
(22( .4-2..7)))

0.1
(00.1-0.00 1)1)1)

0.1
(0.1.11-000.1)

0.1
(0.1-0.1)

00-181899 91.0
(90.9-91.2)

89898 1.1
(88.9-89.4)

6.66 8
(6.6-6.9)

8.88 6
(8.4-8.9)

1.1 77
(1.7-1.8)

1.11 88
(1.7-1.9)

0.22
(0.2-0.3)

0.222
(0.2-0.3)

00.22
(0.2-0.2)
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Table 3. Percentage of patients by absolute magnitude of error between estimated LDL-C (LDL-CF or LDL-CN) and LDL-CD

Estimated LDL-C*† <5 mg/dL error 5-9 mg/dL error 10-19 mg/dL error 20-29 mg/dL error >30 mg/dL error
Fasting Non-fasting Fasting Non-fasting Fasting Non-fasting Fasting Non-fasting Fasting Non-fasting

LDL-CF: <70 61.5
(61.2-61.9)

50.2
(49.8-50.6)

19.3
(19.1-19.6)

19.7
(19.4-20.0)

13.6
(13.3-13.8)

18.4
(18.1-18.7)

4.3
(4.2-4.4)

8.1
(7.9-8.3)

1.3
(1.2-1.3)

3.6
(3.5-3.8)

LDL:CN: <70 90.1
(89.8-90.3)

88.0
(87.7-88.3)

7.7
(7.5-7.8)

9.3
(9.1-9.6)

2.1
(2.0-2.2)

2.5
(2.3-2.6)

0.1
(0.1-0.2)

0.2
(0.1-0.2)

0.0
(0.0-0.0)

0.0
(0.0-0.0)

LDL-CF: 70-99 72.0
(71.8-72.2)

61.9
(61.7-62.2)

17.8
(17.6-17.9)

19.4
(19.2-19.6)

8.4
(8.3-8.5)

13.4
(13.2-13.6)

1.6
(1.6-1.7)

4.2
(4.1-4.3)

0.2
(0.2-0.3)

1.1
(1.1-1.2)

LDL-CN: 70-99 88.9
(88.8-89.0)

86.4
(86.2-86.6)

8.5
(8.3-8.6)

10.7
(10.5-10.8)

2.2
(2.2-2.3)

2.6
(2.5-2.7)

0.3
(0.3-0.3)

0.3
(0.3-0.3)

0.1
(0.1-0.1)

0.1
(0.1-0.1)

LDL-CF: 100-129 75.4
(75.2-75.5)

66.0
(65.8-66.2)

17.3
(17.2-17.5)

19.3
(19.1-19.5)

6.2
(6.1-6.3)

11.2
(11.0-11.3)

1.0
(0.9-1.0)

2.9
(2.8-2.9)

0.2
(0.1-0.2)

0.6
(0.6-0.7)

LDL-CN: 100-129 86.5
(86.3-86.6)

83.1
(83.0-83.3)

10.3
(10.2-10.4)

13.0
(12.9-13.2)

2.7
(2.6-2.7)

3.3
(3.2-3.4)

0.4
(0.4-0.4)

0.4
(0.3-0.4)

0.2
(0.2-0.2)

0.2
(0.2-0.2)

LDL-CF: 130-159 75.4
(75.2-75.6)

67.2
(66.9-67.5)

18.5
(18.4-18.7)

20.3
(20.1-20.6)

5.3
(5.2-5.4)

9.9
(9.8-10.1)

0.7
(0.6-0.7)

2.1
(2.0-2.2)

0.2
(0.1-0.2)

0.4
(0.4-0.4)

LDL-CN: 130-159 82.9
(82.8-83.1)

78.9
(78.6-79.1)

12.6
(12.4-12.7)

15.8
(15.6-16.0)

3.7
(3.6-3.7)

4.6
(4.5-4.7)

0.5
(0.5-0.6)

0.5
(0.5-0.6)

0.3
(0.2-0.3)

0.2
(0.2-0.3)

LDL-CF: 160-189 72.5
(72.2-72.8)

66.3
(65.9-66.7)

21.0
(20.7-21.2)

21.9
(21.5-22.2)

5.7
(5.5-5.8)

9.6
(9.4-9.9)

0.6
(0.6-0.7)

1.7
(1.6-1.8)

0.2
(0.2-0.2)

0.4
(0.4-0.5)

LDL-CN: 160-189 78.2
(78.0-78.5)

72.9
(72.6-73.3)

15.5
(15.3-15.7)

19.2
(18.8-19.5)

5.1
(4.9-5.2)

6.6
(6.4-6.8)

0.8
(0.7-0.9)

0.9
(0.8-1.0)

0.4
(0.4-0.4)

0.4
(0.4-0.5)

LDL-CF: 190 64.2
(63.8-64.7)

61.5
(60.8-62.1)

25.4
(25.0-25.9)

24.7
(24.1-25.2)

8.3
(8.1-8.6)

11.1
(10.7-11.5)

1.2
(1.1-1.3)

1.9
(1.7-2.0)

0.8
(0.7-0.9)

1.0
(0.9-1.1)

LDL-CN: 190 70.3
(69.8-70.7)

66.2
(65.6-66.7)

18.8
(18.5-19.2)

21.9
(21.3-22.4)

7.9
(7.7-8.2)

8.9
(8.6-9.3)

1.7
(1.6-1.9)

1.7
(1.5-1.8)

1.3
(1.2-1.4)

1.4
(1.3-1.6)

*Estimated LDL-C values in mg/dL; LDL-CF: Friedewald LDL-C; LDL-CN: Novel LDL-C; †Overall, the novel method resulted in more patients in the <10 
mg/dL error group and, across clinical categories, was less affected by fasting status (p<0.001)   

: 70-99 88.9
(88.8-89.0)

86.4
(86.2-86.6)

8.5
(8.3-8.6)

10.7
(10.5-10.8)

2.2
(2.2-2.3)

2.6
(2.5-2.7)

0.3
(0.3-0.3)

0.3
(0.3--0.3)3)3)

0.0.0 111
(0(0(0.1.11---0.0.0 1)

: 100-129 75.4
(75.2-75.5)

66.0
(65.8-66.2)

17.3
(17.2-17.5)

19.3
(19.1-19.5)

6.2
(6.1-6.3)

11.2
(11.0-11.3)

1.0
(0.9-1.0)

2.9
(2.8-2.9)

0.0.0.222
(0.1-0.2)

: 100-129 86.5
(86.3-86.6)

83.1
(83.0-83.3)

10.3
(10.2-10.4)

13.0
(12.9-13.2)

2.7
(2.6-2.7)

3.3
(3.2-3.4)

0.4
(0.4-0.4)

0.4
(0.3-0.4)

0.2
(0.2-0.2)

: 130-159 75.4
(7(7(75.55 2-75 6.66)))

67.2
(66.9-67.5)

18.5
(18.4-18.7)

20.3
(20.1-20.6)

5.3
(5(55.2-5.4)

9.9
(9.8-10.11))

0.7
(0 6.6-0.7)

2.1
(2.0-2.2)

0.2
(0.1-0.2)

: 13000--1515159 8222.9.9.9
(82.88-83 1.1)))

78.9
(7778.8.8.666-797979.1)))

12.6
(1(1(12..2.444-1211 .7))

15.8
(15.6-1666.0.00)

3.7
(33.6-3...7)7)7)

4.6
(4(4(4.5.5. -4.4.7)7))

0.55
(0 5.5-0.6)))

0.5
(00(0.5.5.5-0.00 6)

0.3
(0(0(0.22.2-0.0.0.3)3)3)

: 16660--189 72.5
(72.22-72.8))

666.3.33
(6655.5 9-66..7)))

21.0
(20.7-21.2))

21.9
(21.5-222.22)

5.7
(55.5-5..8)8)8)

9..66
(9(9(9.44-9.9))

0.66
(0.6-0.77)7)

1.7
(1.6-1.888)

0.2
(0.2-0.22)

: 166000-1811 9 78.2.22
(7(7(78.8.8.000-78.5))

772..9
(7722.6-73.333)))

15.5
(1(( 5.33--15515.7))

19.2
(1(1( 8.8-191919.55)

5.1
(44.9---5.5.5.2)2)2

6..6
(6(6(6.44-6.8)))

0.88
(0.7-0.9)9))

0.9
(0.888--1...000)

0.4
(0.4-0.44)

: 191900 64664 2.2
(63.8-64.7)

661.55
(60.8-62.1)

25.4
(25.0-25.9)

2422 .7
(24.1-25.2)

8.33
(8.1-8.6)

1111.1
(10.7-11.5)

11.22
(1.1-1.3)

1.9
(1.7-2.0)

00.88
(0.7-0.9)
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Table 4. Percentage of patients by absolute magnitude of error between estimated LDL-C (LDL-CF or LDL-CN) and LDL-CD 

TG categories*† <5 mg/dL error 5-9 mg/dL error 10-19 mg/dL error 20-29 mg/dL error >30 mg/dL error
Fasting Non-fasting Fasting Non-fasting Fasting Non-fasting Fasting Non-fasting Fasting Non-fasting

TG<100, LDL-CF<70 91.6 
(91.4-91.9)

91.3 
(91.0-91.7)

7.7
(7.5-8.0)

8.0
(7.7-8.4)

0.6
(0.5-0.7)

0.6
(0.5-0.7)

0.0
(0.0-0.1)

0.0
(0.0-0.0)

0.0
(0.0-0.0)

0.0
(0.0-0.0)

TG<100, LDL-CN<70 95.8 
(95.6-96.0)

95.6 
(95.3-95.9)

3.4
(3.2-3.5)

3.5
(3.2-3.7)

0.8
(0.8-0.9)

0.9
(0.8-1.1)

0.0
(0.0-0.0)

0.0
(0.0-0.0)

0.0
(0.0-0.0)

0.0
(0.0-0.0)

TG 100-149, LDL-CF<70 71.3 
(70.6-71.9)

65.6 
(64.7-66.4)

25.3 
(24.7-25.9)

30.2 
(29.4-31.0)

3.2
(2.9-3.4)

4.0
(3.7-4.4)

0.2
(0.1-0.2)

0.2
(0.1-0.3)

0.1
(0.0-0.1)

0.1
(0.0-0.1)

TG 100-149, LDL-CN<70 86.9 
(86.5-87.4)

87.6 
(87.0-88.1)

10.0 
(9.6-10.4)

9.8
(9.3-10.3)

2.6
(2.4-2.9)

2.2
(1.9-2.4)

0.4
(0.3-0.5)

0.3
(0.2-0.4)

0.1
(0.0-0.1)

0.1
(0.1-0.2)

TG 150-199, LDL-CF<70 26.9 
(26.0-27.9)

20.0 
(19.0-21.0)

43.4 
(42.3-44.5)

42.1 
(40.9-43.3)

28.5 
(27.5-29.5)

36.9 
(35.7-38.1)

0.8
(0.7-1.1)

0.8
(0.6-1.1)

0.3
(0.2-0.5)

0.2
(0.1-0.3)

TG 150-199, LDL-CN<70 70.5 
(69.5-71.5)

74.7 
(73.6-75.7)

19.7 
(18.8-20.6)

18.1 
(17.2-19.1)

7.3
(6.8-7.9)

5.5
(4.9-6.1)

1.7
(1.4-2.0)

1.3
(1.0-1.6)

0.8
(0.6-1.0)

0.5
(0.3-0.7)

TG 200-399, LDL-CF<70 10.0 
(9.3-10.7)

7.4
(6.7-8.1)

17.4 
(16.5-18.3)

12.0 
(11.2-12.8)

46.3 
(45.2-47.5)

45.2 
(44.0-46.4)

19.9 
(19.0-20.9)

26.3 
(25.2-27.4)

6.4
(5.9-7.0)

9.1
(8.4-9.9)

TG 200-399, LDL-CN<70 49.4 
(48.2-50.5)

56.8 
(55.6-58.1)

25.2 
(24.2-26.3)

23.1 
(22.1-24.2)

16.7 
(15.9-17.6)

13.6 
(12.8-14.5)

5.5
(5.0-6.0)

4.1
(3.6-4.6)

3.2
(2.8-3.7)

2.3
(2.0-2.7)

*TG and estimated LDL-C values in mg/dL; LDL-CF: Friedewald LDL-C; LDL-CN: ^Novel LDL-C; †Overall, the novel method resulted in more patients in the 
<10 mg/dL error group and across clinical categories was less affected by fasting status (p<0.001) except for TG<100 mg/dL (p=0.115) 

(70.6-71.9) (64.7-66.4) (24.7-25.9) (29.4-31.0) (2.9-3.4) (3.7-4.4) (0.1-0.2) (0(0(0.1.1-0.0..3)3)) (0(0(0.0-0
9, LDL-CN<70 86.9 

(86.5-87.4)
87.6 
(87.0-88.1)

10.0 
(9.6-10.4)

9.8
(9.3-10.3)

2.6
(2.4-2.9)

2.2
(1.9-2.4)

0.4
(0.3-0.5)

0.0 3
(0(0(0 2.2-0.00 4)4)4)

0.1
(0(0(0 0.00-000

9, LDL-CF<70 26.9 
(26.0-27.9)

20.0 
(19.0-21.0)

43.4 
(42.3-44.5)

42.1 
(40.9-43.3)

28.5 
(27.5-29.5)

36.9 
(35.7-38.1)

0.8
(0.7-1.1)

0.8
(0.6-1.1)

0.3
(0.2-0

9, LDL-CN<70 70.5
(6( 9.5-717171.5)

74.7
(73.6-75.7)

19.7
(18.8-20.6)

18.1
(17.2-19 1.1)

7.3
(6.8-7.9)

5.5
(4.9-6.1)

1.7
(1.4-2.0)

1.3
(1.0-1.6)

0.8
(0.6-1

9, LDLDLDL--CCCF<70 101010.0..  
(999 3.33-1000.7.77)

7.4
(6(6(6 7.7--8.1)1)1)

17.4 
(1(1(16.66 5-1818.3)

12.0 
(11..222-12.8)

46.3 
(4(4(45.5.5.222-474747.5.5.5)

455.22 
(4(444.00-464 .44))

19.9
(19.9.9.000-202020 9.9.9)))

26.3 
(25..222--272727.4.44)))

6.4
(5(5(5.9-7

9, LLDDL-CN<70 49.4 
(448.8.2-5050.5)

5565 .8 
(55.666-5558.1)

2555.2.22 
(24.2-226.3)

23.1 
(222.1-24.2)

1116.7 
(1(1(155.5 999-171717.6))

133.66 
(112..8-14.55)

55.5 555
(555.0-6.0)

4.44 1
((3( .66-44.6)

3.33 22
((2.8-3

imatetet dd d LDL-C valululuesese  inn mmg/ddLL; LDLLL-C-C-CF: Friedeeewaww ldd LLDL-C; LLLDDL-CCNN: ^N^N^Novel LDDL-C; † vOverall,, thhe nnnoovo el methoood d d resusullted in mmorre p
error grgrgrouououp p p and d d acacacroroross cllinnicall ccategoriiiesese waww s lelelessssss afffeececteteted bybyy fffasaa ttingg sttatuusus (((p<pp 0.0.0.0000001)11 eeexcepepept t t foor TGTG<1000000 mmmg/gg dLdLL (((p=p=p 0.1115) 
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Figure Legends

Figure 1. Accuracy of estimated LDL-C, stratified by fasting status. Panel A: Accuracy of 

estimated LDL-C, stratified by LDL-C category and fasting status. Accuracy is expressed as the 

proportion of directly-measured LDL-C falling in the appropriate category of estimated LDL-C

(Friedewald or novel). Friedewald estimation is highlighted in red and the novel equation is 

highlighted in purple, with darker colors corresponding to fasting samples. Panel B: Accuracy of 

estimated LDL-C for patients with LDL-C <70 mg/dL, stratified by TG level and fasting status. 

Accuracy is expressed as the proportion of directly-measured LDL-C falling in the appropriate 

category of estimated LDL-C (Friedewald or novel). Friedewald estimation is highlighted in red 

and the novel equation is highlighted in purple, with darker colors corresponding to fasting 

samples.

category of estimated LDL-C (Friedewald or novel). Friedewald estimation is higghlhlligigighththtededed iiin n n rerered 

and the novel equation is highlighted in purple, with darker colors corresponding to fasting 

amples.
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SUPPLEMENTAL MATERIAL 
 
Supplemental Table 1: Novel method to derive patient-specific TG:VLDL-C ratios 
based on TG and non-HDL-C values 
 
Supplemental Table 2: Percentage of patients misclassified into higher or lower LDL-C 
groups 
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Supplemental Table 1. Novel method to derive patient-specific TG:VLDL-C ratios 
based on TG and non-HDL-C values 
	

 Non-HDL-C, mg/dL 
Triglycerides, mg/dL <100 100-129 130-159 160-189 190-219 ≥220 

7-49 3.5 3.4 3.3 3.3 3.2 3.1 
50-56 4.0 3.9 3.7 3.6 3.6 3.4 
57-61 4.3 4.1 4.0 3.9 3.8 3.6 
62-66 4.5 4.3 4.1 4.0 3.9 3.9 
67-71 4.7 4.4 4.3 4.2 4.1 3.9 
72-75 4.8 4.6 4.4 4.2 4.2 4.1 
76-79 4.9 4.6 4.5 4.3 4.3 4.2 
80-83 5.0 4.8 4.6 4.4 4.3 4.2 
84-87 5.1 4.8 4.6 4.5 4.4 4.3 
88-92 5.2 4.9 4.7 4.6 4.4 4.3 
93-96 5.3 5.0 4.8 4.7 4.5 4.4 

97-100 5.4 5.1 4.8 4.7 4.5 4.3 
101-105 5.5 5.2 5.0 4.7 4.6 4.5 
106-110 5.6 5.3 5.0 4.8 4.6 4.5 
111-115 5.7 5.4 5.1 4.9 4.7 4.5 
116-120 5.8 5.5 5.2 5.0 4.8 4.6 
121-126 6.0 5.5 5.3 5.0 4.8 4.6 
127-132 6.1 5.7 5.3 5.1 4.9 4.7 
133-138 6.2 5.8 5.4 5.2 5.0 4.7 
139-146 6.3 5.9 5.6 5.3 5.0 4.8 
147-154 6.5 6.0 5.7 5.4 5.1 4.8 
155-163 6.7 6.2 5.8 5.4 5.2 4.9 
164-173 6.8 6.3 5.9 5.5 5.3 5.0 
174-185 7.0 6.5 6.0 5.7 5.4 5.1 
186-201 7.3 6.7 6.2 5.8 5.5 5.2 
202-220 7.6 6.9 6.4 6.0 5.6 5.3 
221-247 8.0 7.2 6.6 6.2 5.9 5.4 
248-292 8.5 7.6 7.0 6.5 6.1 5.6 
293-399 9.5 8.3 7.5 7.0 6.5 5.9 

400-13,975 11.9 10.0 8.8 8.1 7.5 6.7 
	

Non-HDL-C: non-high-density lipoprotein-cholesterol; mg/dL: milligrams per deciliter 
 
Table adapted with permission from Martin SS, Blaha MJ, Elshazly MB, Toth PP, 
Kwiterovich PO, Blumenthal RS, Jones SR. Comparison of a novel method versus the 
Friedewald equation for estimating low-density lipoprotein cholesterol levels from the 
standard lipid profile. JAMA. 2013;310:2061-2068. 



Supplemental Table 2. Percentage of patients misclassified into higher or lower LDL-C groups 
 Fasting Non-fasting 

 Downward Upward Downward Upward 
Estimated LDL-C*     
LDL-CF: <70 - 22 - 29 
LDL-CN: <70 - 6 - 8 

     
LDL-CF: 70-99 2 13 2 19 
LDL-CN: 70-99 3 5 3 7 

     
LDL-CF:100-129 4 8 3 13 
LDL-CN:100-129 5 4 4 6 

     
LDL-CF:130-159 6 5 5 10 
LDL-CN:130-159 7 3 6 5 

     
LDL-CF:160-189 9 4 7 7 
LDL-CN:160-189 10 3 8 5 

     
LDL-CF: >190 10 - 7 - 
LDL-CN: >190 9 - 7 - 

	
*estimated LDL-C values in mg/dL; LDL-CF: Friedewald LDL-C; LDL-CN: Novel LDL-C 

	
	
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplemental Figure 1 
	

	
	
Legend: Study patient inclusion and exclusion criteria. VLDL: Very Large Database of 
Lipids. TG: triglycerides; n: number; mg/dL: milligrams per deciliter  
 
	


